INTRODUCTION
Young adult survivors of childhood acute lymphoblastic leukemia (ALL) are at elevated risk for cardiovascular disease, metabolic disorders, and low bone mineral density (BMD) [1] [2] [3] [4] [5] , conditions generally associated with older adults. Abdominal aortic calcification (AAC) is a marker of subclinical atherosclerosis and, like metabolic syndrome [6] , is an established independent risk factor for atherosclerotic-related morbidity and mortality [7, 8] . Evidence also indicates that low BMD is associated with age-related cardiovascular conditions [9] , including AAC [10] , coronary artery disease [11] , and myocardial infarction [12] . The purpose of this study was to evaluate the prevalence of AAC, metabolic syndrome, and low BMD in young adult survivors of childhood ALL, and to evaluate the extent to which metabolic syndrome and low BMD is associated with AAC.
METHODS

St. Jude Lifetime Cohort Study (SJLIFE)
Participants were enrolled in the IRB-approved SJLIFE, as described previously [13] . Eligibility is restricted to individuals aged !18 years who were treated at St. Jude Children's Research Hospital and were !10 years post-diagnosis at enrollment. Riskbased clinical and laboratory evaluations are performed in SJLIFE consistent with the Children's Oncology Group Long Term Follow-up Guidelines [14] . The SJLIFE assessment for ALL survivors includes a quantitative computed tomography (QCT) study of the lumbar spine for evaluation of BMD and AAC, and testing for components of the metabolic syndrome.
Subjects
The recruitment cutoff date was March 31st, 2011. Enrollment was restricted to the first 49 blocks in the stratified random selection process of SJLIFE [13] ; 1,159 ALL survivors were eligible for the study. Of these, 726 (63%) were enrolled and 159 (14%) expressed interest but had not completed their evaluation by the cutoff date. Of the 726 participants, 36 completed health surveys but declined the risk-based medical assessment, 21 did not receive a QCT study, and seven underwent a QCT but images were not sufficient to assess AAC. The final analysis included 662 subjects.
BMD and AAC Assessment
Volumetric BMD was determined by QCT using a GE VCT Lightspeed 64 detector and Mindways QCT calibration phantoms and software, from 28 to 32 three millimeter contiguous slice images of the L1-L2 vertebral bodies. Average BMD was calculated, then standardized to age-and sex-specific normed values and reported as a Z-score. The abdominal aorta is included in the contiguous slices of the QCT and calcification is evident in the images. For those with AAC present, a semi-quantitative rating of calcified aortic wall involvement was scored as ''scattered specks,'' ''up to ½ of the wall circumference,'' ''up to 
Statistics
The objectives were to estimate the prevalence odds ratio (OR) of AAC in relation to metabolic syndrome and low BMD Z-score. Logistic regression was used for multivariable modeling, with AAC categorized as present or absent and, consistent with standard criteria [11] , BMD Z-score categorized as low [ À1 standard deviation score (SDS)] or normal (>À1 SDS). As previously defined [1, 6] , metabolic syndrome was dichotomized by the presence or absence of at least three of five components: elevated waist circumference, elevated triglycerides, low HDL-cholesterol, elevated blood pressure, elevated fasting glucose. To evaluate potential confounding, we encoded a priori dependency assumptions in a directed acyclic graph to identify a minimal sufficient Abdominal aortic calcification (AAC), metabolic syndrome, and low bone mineral density (BMD) are risk factors for atherosclerotic disease and cardiovascular morbidity. We evaluated AAC in 662 adult survivors of childhood ALL (median age 31 years). AAC was present in 10% of subjects, metabolic syndrome in 36%, and low BMD in 29%. The adjusted odds ratio (OR) for AAC among women set of covariates for adjustment [15] . Body mass index, race, and cranial radiation exposure were considered, but the final models included stratification by sex and adjustment for age (continuous), smoking history (ever vs. never), and physical activity (fulfilling or not fulfilling current guidelines for physical activity in adults of at least 150 minutes of moderate physical activity/week) [16] . Table I provides characteristics of the 662 evaluable subjects. The median age of participants was 31 years (interquartile range 26-37). A comparison of the 497 eligible non-participants (including the 159 who expressed interest but had not been seen yet) to the participants revealed a higher frequency of males (55% vs. 49%; P ¼ 0.035) and fewer White individuals (89% vs. 93%; P ¼ 0.024) among the non-participants. Age at diagnosis, current age, and years since diagnosis were nearly identical between the groups.
RESULTS
Participants Versus Non-Participants
Metabolic Syndrome and AAC
AAC was present in 67 (10%) participants. The majority of these (79%) had only scattered specks observable on the QCT images, indicating early stage aortic calcification (Table I) . Mean age (SD) among those with AAC was 39 years (6.9) versus 31 years (6.8) in those without AAC. The prevalence of metabolic syndrome was 36%. The adjusted OR for AAC among those with metabolic syndrome, compared to those without, was 1.5 (95% CL ¼ 0.85, 2.6) ( Table II) . The AAC-metabolic syndrome BMD, bone mineral density; SDS, standard deviation score (Z-score).
a OR and 95% CL: odds ratio and 95% confidence limits, adjusted for smoking history, physical activity level, and, except for the BMD-SDS odds ratios and confidence limits, age.
association was apparent in women (adjusted OR ¼ 2.3), but not in men (adjusted OR ¼ 1.0). The AAC-metabolic syndrome association did not differ statistically by cranial radiation exposure (P ¼ 0.52).
BMD and AAC
The prevalence of low BMD was 29% overall; 38% in men and 20% in women. If one assumes an age-specific normal distribution for BMD, then 16% would be expected to be at <À1 SDS. Clearly, the prevalence of low BMD in the male ALL survivors, if not females, is far higher than expected. In men, the adjusted odds ratio for AAC in those with low BMD compared with normal BMD was 3.1 (95% CL ¼ 1.3, 7.3).
DISCUSSION
Our results suggest that a substantial proportion of young adult survivors of childhood ALL have early signs of atherosclerotic disease, as indicated by presence of AAC in 10% and metabolic syndrome in 36%. We also found a high prevalence of low BMD, particularly in men (38%). Children treated for ALL are exposed to high doses of cytotoxic agents such as glucocorticoids, methotrexate, and in select cases, cranial irradiation, all of which can adversely affect bone mass and turnover [3] . Anthracycline drugs, frequently used in the treatment of childhood ALL, are cardiotoxic agents and heart failure is a relatively unusual but welldescribed potential effect of high dose exposure [4, 17] . Our results show that atherosclerotic cardiovascular diseases, which may be directly promoted by the interrelated risk factors in the metabolic syndrome [6] , might also be of significant concern in long-term childhood ALL survivors.
Limitations of the study include the possibility that AAC prevalence and severity may be underestimated because the low dose QCT technique is accurate for determining BMD but less sensitive for measuring AAC, although superior to abdominal X-ray [18] . Because our study was cross-sectional in nature, the temporal sequence of metabolic syndrome progression and AAC formation cannot be determined, nor can we project differential adverse outcomes from these conditions. Nevertheless, both AAC and metabolic syndrome are established risk factors for atherosclerotic disease, so our findings are consistent with the empirical evidence that childhood ALL survivors are at premature risk of mortality and morbidity from cardiac and vascular outcomes [4] . In the general US population, the prevalence of metabolic syndrome in 20-to 39-year-old men is 20%, and in 20-to 39-year-old women it is 16% [19] , considerably lower than observed in our ALL survivors at median age 31 years (34% men, 38% women); we found no similar prevalence comparisons for AAC in young adults.
Cardiovascular fitness is inversely and strongly related to metabolic syndrome [20] . Since components of the metabolic syndrome and other cardiovascular disease risk factors are modifiable, not only with medication, but also through increased physical activity and nutritional improvements, clinicians could facilitate prevention by referring patients to appropriate persons or programs that can help potentiate important lifestyle changes.
